Purpose This study assessed cardiorespiratory fitness (CRF), physical activity (PA), and sedentary behavior (SB), as well as factors associated with these outcomes in children during or shortly after cancer treatment. Methods Cross-sectionally, CRF data, obtained by the cardiopulmonary exercise test, and PA and SB data, obtained by an accelerometer, were assessed in children with cancer (8-18 years old). Linear regression models were used to determine associations between CRF, PA, or SB and patient characteristics.
Introduction
Cardiorespiratory fitness (CRF) and muscle strength have shown to be reduced both during and after childhood cancer treatment [1] [2] [3] . Both are considered important health markers, since they represent the functional status of most body functions involved in the performance of daily physical activities (PA). A reduction in CRF and muscle strength can be caused by physical inactivity [4, 5] . When inactivity persists, it will put Eline van Dulmen-den Broeder and Margreet A. Veening contributed equally to this work. the patient at risk for obesity, cardiovascular disease, reduced muscle strength, decreased bone mineral density, and subsequently, a reduced health-related quality of life (HrQoL) [5] [6] [7] [8] [9] .
In childhood cancer patients, the cancer treatment may adversely interfere with the patients' physical and mental ability to engage in PA. Several determinants are known to influence motor function. Chemotherapy can result in anemia, decreased oxygen transport to the muscles, and reduced muscle function [10] ; the use of vincristine can result in peripheral neuropathy with muscle weakness in hands and feet, while anthracyclines may impair cardiac function, and bleomycin may result in decreased lung function due to pulmonary fibrosis [11] . Also, mechanical factors are important, such as decreased motor function after an amputation in bone tumor patients [12] or ataxia following brain tumor treatment [13] . Apart from clear physical factors, being fatigued, as well as having depressive symptoms, may also negatively influence PA [14] .
Previous studies, using an accelerometer to objectively measure PA, showed that childhood cancer patients have low PA levels [4, 5, 15, 16] . These studies, however, were performed in small groups and did not study the association between PA and CRF.
Only recently, both in children and adults, sedentary behavior (SB) has been introduced as a new important negative factor for health [17] . SB is defined as activities that typically require low-energy expenditure, such as sitting on the couch [18] . Frequent and prolonged sitting periods puts a person at risk for obesity and other metabolic conditions that enhance the risk of chronic diseases (e.g., type 2 diabetes, cardiovascular disease, breast and colon cancer) [19] [20] [21] . Children with cancer are already at increased risk for chronic diseases; therefore, assessing SB in children with cancer is important [22] . Through questionnaires, one study found that 9 % of the children with cancer left their bed for less than 1 h while 44 % of the questioned patients reported to leave their bed over 10 h per day during homestays [23] . Up till now, no studies objectively measured SB in childhood cancer patients.
This study aimed to assess CRF in childhood cancer patients during or shortly after treatment and to evaluate the association with objectively measured PA and SB. In addition, the impact of several physical and psychosocial factors on PA and SB was assessed in order to identify targets for future interventions aimed at stimulating PA and decreasing SB to ultimately increase CRF and HrQoL.
Methods

Study population
This study is a cross-sectional study using the baseline data of a randomized controlled trial (RCT), evaluating the effects of a combined 12-week exercise and psychosocial training program for children with cancer on physical fitness and HrQoL (the Quality of Life in Motion [QLIM] study). Details on the design of this study had been described previously [24] .
Eligible children were 8-18 years old, diagnosed with any type of malignancy, treated with chemotherapy and/or radiotherapy, during or within the first year after cancer treatment. Patients who were not able to make self-reflections (children <8 years old or with a mental retardation), who received growth hormones, who were planned for stem cell transplantation, and those who were not able to ride a bike or read and write Dutch were excluded.
Patients were recruited between March 2009 and July 2013. Eligible patients were identified through patient databases by pediatric oncologists, a study-researcher, or a research nurse of the pediatric oncology/hematology departments within four university hospitals in the Netherlands: VU University Medical Center Amsterdam, Academic Medical Center Amsterdam, Erasmus MC Rotterdam, and University Medical Center, Utrecht. Patient records and the clinic data were weekly reviewed to verify eligibility. When children needed to be hospitalized, and when clinical conditions (low blood counts, infections, or others) made participation impossible (as assessed by their treating physician), children were considered unable to start study participation, and therefore the start of the study was postponed. Both patients and their parents or legal representatives received spoken and written information and provided written informed consent as by approval of the medical ethics committees of the four participating hospitals and was performed according to the 1964 Declaration of Helsinki. Register; Dutch Trial Registry number NTR1531.
Procedure
Study data were obtained at the university hospital of the child. Children were assessed on CRF, muscle strength, and body composition. Child report questionnaires were used to measure psychosocial functioning. In the week after the study measurements, an accelerometer was used to measure PA and SB. Clinical data, such as data on cancer diagnosis, treatments, and complications, were obtained from medical records.
Measures
CRF was assessed during a cardiopulmonary exercise test on an electronically braked cycle ergometer (Lode, Corival P, ProCare B.V. Groningen, the Netherlands) using the Godfrey protocol. During the test, ventilatory gas exchange data were determined breath by breath. The peak oxygen uptake (VO 2peak ) was calculated as the mean value of the final 30 s of the test and expressed in milliliters per kilogram per minute (ml/kg/min). Predicted values for VO 2peak were calculated from an age-and sex-based equation [25] . Measured VO 2peak results were compared with these predicted values.
Physical activity and sedentary behavior
PA and SB of each patient were measured by the Actical activity monitor (B series, Philips Respironics Actical MiniMitter, Murrysville, PA, USA). The Actical is an accelerometer (37×29×11 mm) which has been validated in children between 7-18 years of age [26] . The receiver operating characteristic curves were 0.85, 0.93, and 0.95 for a sedentary to light, light to moderate, and a moderate to vigorous activity level, respectively [26] . The Actical accelerometer was attached to an elastic waist belt and worn on the left hip during daytime at waking hours (between 6:00 a.m. and 11:59 p.m.) for four consecutive days (Wednesday-Saturday). The device was removed while bathing or swimming.
When the device was worn less than 500 min/day, the measurement of that day was considered invalid. Time not wearing the accelerometer was defined as 60 min of consecutive zeros on the readout, and this time during waking hours was excluded from the analyses. The acceleration signal of the Actical is summed over a specific time interval (epoch) [27] . A 15-s epoch was used in the study.
PA was expressed as mean counts per minute (cpm). For the present study, we used the following cpm range to define the different activity intensities: sedentary status corresponds with an activity count of less than 100 cpm, light activity with 100-1599 cpm, and moderate activity with 1600-4760 cpm, and 4760 or more cpm was considered as a vigorous activity level [28] . Children who participated at least 60 min per day at an activity level of >1600 cpm were categorized as fulfilling the international PA recommendations [29] .
SB, defined as a cpm below 100 was presented as mean minutes sedentary (out of 1080 measured min/day) and as accelerometer-based sedentary bouts. Sedentary bouts were defined as periods of at least 5, 10, 20, 30, and 60 min of SB [17, 30] .
Possible associated factors Physical factors
For all study participants, height and weight were measured to the nearest millimeter (mm) and 0.1 kilogram (kg), respectively. Body mass index (BMI; kg/m 2 ) was calculated as well as the BMI z scores using the growth calculator for professionals [31] .
Muscle strength was measured by the use of hand-held dynamometry (CITEC, CT3001, Haren, the Netherlands) [32] using the break method [33] . The highest out of three scores were used in the analyses. Lower body muscle strength was calculated as the sum of the best (left or right) upper leg, lower leg, and foot scores. Upper body muscle strength was calculated as the sum of the best shoulder, elbow, and grip strength scores.
Body fat was assessed by dual energy X-ray absorptiometry (DXA). The assessment was performed on a Hologic Delphi/ Discovery or a Lunar Prodigy scanner. Differences in percentage of fat mass were corrected in accordance with the equation of Shepherd et al. (2012) [34] .
Fatigue was self-assessed by the use of the PedsQL™ Multidimensional Fatigue Scale (acute version) [35] , with lower scores indicating more fatigue (range: 0-100); the results of the subscale "general fatigue" were included in the study analyses.
Psychosocial factors The participation in sports of the study participant before the cancer diagnosis was evaluated by the use of a questionnaire which was developed for this study.
Athletic competence was assessed with a subscale of the Self Perception Profile Questionnaire for children aged 8-11 years (CBSK) and for adolescents aged 12-18 years (CBSA) [36] . Higher scores reflect a more positive perception of the athletic competence (range between 0 to 100 points).
Depressive symptoms were assessed by the use of the Children's Depression Inventory (CDI). This questionnaire for children aged 7-18 years contains 27 items which assesses self-reported depressive symptoms [37] . For this study, we used the total scores (range 0-54).
Statistical analysis
Normality of the data was assessed by normality plots and the Shapiro-Wilk test. When data showed a normal distribution, continuous outcomes were expressed as mean (standard deviation [SD] or range), and in case of non-normal distribution, median (interquartile range [IQR]) scores were reported. Paired sample t test was used to assess differences between the observed and predicted VO 2peak (ml/kg/min) values [25] .
Univariate regression analyses were performed to identify association between and additional associated factors for CRF (VO 2peak ), PA (cpm), and SB (min sedentary/ day). Because the sample size (N = 60) did not allow us to simultaneously include all potential variables into the multiple linear regression model, we preselected a maximum of six variables with p < 0.15 from the univariate regression analyses and include them in the multiple linear backward regression analyses. By hand, factors with the highest p value were removed until all factors were statistically significant. The coefficient of determination and the standard error of the estimate (SEE) are included to present a measure for variance and accuracy of the regression models. A 2-sided p value <0.05 was considered statistically significant in all analyses. IBM SPSS Statistics for Windows (Version 20.0. Armonk, NY: IBM Corp., USA) was used for the statistical analyses.
Results
General and medical characteristics
A total of 174 children were invited to participate in the QLIM study, of whom 68 (37 boys) were included (Fig. 1) . Due to missing accelerometer data in eight patients, the current study therefore analyzed the results of 60 children (35 boys) with a mean age of 12.6 years (SD 3.1; range 8.0-18.0 years). A total of 17 children (28 %) were during cancer-treatment at the time of the study (Table 1) . Thirtyseven (62 %) were treated with chemotherapy alone.
Both the general and medical characteristics of the eight children who were excluded from the analyses, as well as characteristics of the 106 non-participants [38] , were not significantly different from the 60 children who were analyzed (data not shown).
Cardiorespiratory fitness CRF, expressed as VO 2peak (ml/kg/min) in the study population was 31.7 ml/kg/min (SD 9.2). The mean predicted value of the study group was 45.1 ml/kg/min (SD 3.6), resulting in a mean absolute difference between the measured and predicted values of −13.4 ml/kg/min (SD 9.2) (p <0.001). Results for boys and girls separately are presented in Fig. 2a, b. A total of 32 children (53 %) had a z score ≤−2, approximately 12 ml/kg/min below the predicted value [25] . The 17 children who were during treatment all belonged to the −2 z score group.
Physical activity and sedentary behavior
PA was monitored over a median period of 4 days (IQR 3.5-4 days). Overall, the median PA level was 127 cpm (IQR 80-219) ( Table 2 ). The children spent 16 % of their daytime on light activities, were 7 % (SD 4.4) moderately active, and spent only 0.1 % (SD 0.2) of the day on a vigorous activity level.
Evaluation of SB showed that children were sedentary in 80 % of all waking hours: median of 869 min (IQR 785- 911) of the 1080 min which were analyzed per day. Study results also showed that prolonged sitting periods without interruptions (≥20 or 30 min) were common ( Table 2) .
Cardiorespiratory fitness, physical activity/sedentary behavior, and associated factors
In either way, CRF, PA, and SB showed highly significant associations (Table 3) . A positive association was found between CRF (VO 2peak ) and PA (cpm) (β 0.05; 95 % CI: 0.0; 0.1; p < 0.001): every additional cpm resulted in a 0.05 ml/kg/min increase in CRF. SB had a negative association with CRF (β −0.06; 95 % CI: −0.1; (−0.0); p<0.001): every additional minute of sedentary time per day decreased the CRF by 0.06 ml/kg/min (Table 3) .
Physical activity
Single factor associations showed that PA was significantly associated with the following: age (β −15.4; 95 % CI: −23.6; 7) ; p=0.005), being during (0)/after (1) cancer treatment (β 63.9; 95 % CI: 3.4;124.3; p=0.039), fatigue (β 2.6; 95 % CI: 1.5; 3.7; p<0.001), and depressive symptoms (β −6.2; 95 % CI: −11.9; (−0.5); p=0.034) ( Table 3) . For the multivariate analysis, a sixth factor was added: lean body mass (β 0.0; 95 % CI: −0.0; 0.0; p=0.056).
The multiple linear regression analysis for PA showed that age (β −11.9; 95% CI: −19.8; (−4.0); p=0.004), being during (0)/after (1) cancer treatment (β 68.0; 95 % CI:18.1;118.0; p= 0.008), and fatigue (β 1.8; 95% CI: 0.7; 2.9; p=0.002; i.e., higher scores indicate less fatigue) were significantly associated with PA (Table 3) . Thus, younger children who were following cancer treatment and who were less fatigued were more active. These factors explained 41.8 % of the variance in PA; SEE= 85.0 (model p<0.001).
Sedentary behavior
Significant univariate associated factors for SB (min sedentary/ day) were age (β 14.6; 95 % CI: 7.8; 21.5; p<0.001), percentage of fat mass (β 4.9; 95 % CI: 1.8; 7.9; p=0.002), lean body mass (β 0.0; 95% CI: 0.0; 0.0; p=0.016), fatigue (β −2.1; 95% CI:−3.1;(−1.1); p<0.001), and depressive symptoms (β 5.8; 95 % CI: 0.9; 10.7; p=0.021) (see Table 3 ). For the multiple regression analyses, also being during/after treatment (β −47.9; 95 % CI: −100.4; 4.7; p=0.074) was added as an independent variable.
After backward elimination, the final multiple regression model for SB included age (β 10.0; 95 % CI: 3.5; 16.5; p= 0.003), percentage of fat mass (β 3.7; 95 % CI: 1.1; 6.3; p= 0.007), and fatigue (β −1.2; 95 % CI: −2.2; (−0.2); p=0.015) ( Table 3) . Older age, being fatigued, and having an increased percentage of fat mass was associated with more minutes of SB per day. The three factors together explained 43.0 % of the variance in SB; SEE=71.0 (model p<0.001). 
Cardiorespiratory fitness
Discussion
The present study shows that the CRF is low in the majority of children during and after cancer treatment when compared to healthy Dutch children. Furthermore, this is the first study performed in children with cancer that clearly demonstrates that decreased CRF is significantly associated with objectively assessed low PA and high SB. Children at risk for reduced PA had the highest percentage of fat mass, were older and fatigued, and were during childhood cancer treatment. Unexpectedly, treatment-related factors did not significantly influence activity behavior. These results indicate that intervention studies should focus on preventing or reducing fatigue and overweight, in order to improve PA behavior and ultimately increase CRF. The most sedentary children of the study were older and were during childhood cancer treatment, pointing out an important target population. Our finding that older age and fatigue were significantly associated with reduced PA is in line with previous findings among healthy children [14, 39, 40] . In children with cancer, however, next to an older age and being fatigued, Hooke et al.
(2011) also found that children who exhibit emotional dysfunction were more sedentary [14] . The latter could not be confirmed with our data. Psychological factors in our study did not show a clear association pattern with PA and SB. In univariate models, depressive symptoms showed a significant association with the two outcomes; however, in multiple regression models, this factor did not remain significant. This indicates that this association was weak or possibly mediated by other factors [41] . International recommendations for children advice 60 min of moderate-to-vigorous physical activity per day [29] . The current study showed that 20 % of the boys and 7 % of the girls, during or shortly after childhood cancer treatment, met the activity recommendations, which, however, is in line with the worrisome results of the normal Dutch population [42] . This indicates that only a small percentage of all children, with or without cancer, reach the international PA recommendation. Yet, related to the given cancer treatment and possible late complications and diseases, the impact of inactivity in children with cancer may be worse than in healthy children [22] .
Despite positive attitudes towards PA [43] , the current study showed that children with cancer were highly sedentary. In particular, the prolonged periods of SB are striking; i.e., the sitting periods of 20 min or more were approximately four times higher in this study population, compared to reported data of healthy children [44] . The activity counts per minute were also considered lower than those reported in healthy children [45] . We found a median cpm score of 127 (IQR 80-219 cpm) equally distributed among sex, whereas a meta-analysis among 20,871 healthy children reported that girls had a mean PA of 540 cpm (193 SD) and boys a mean PA of 642 cpm (226 SD) (45) . However, such as for PA data, the SB data of the study among healthy children were obtained with a different accelerometer (Actigraph) using different cutoff points for activity intensities, decreasing comparability [45] .
Strength and limitations of this study
The strength of this study is the number of included children; 60 is a relatively large population compared to patient numbers used in the four previous studies which reported PA accelerometer data (range 7 to 38 patients) [4, 5, 15, 16] . Furthermore, this study is the first in children with cancer to combine CRF data with activity data and to show associations between activity behavior and patient characteristics. Finally, most of the data were obtained during a visit to the hospital for study purposes, increasing quality of the measurements.
This study also had some limitations that should be noted. First, the cross-sectional design does not allow for the assessment of the causal relation between study outcomes and factors. Longitudinal data of the QLIM RCT will provide further information regarding the relation between increased PA and CRF and possible confounding or mediating factors.
Secondly, in this study, accelerometer data were obtained for a period of 4 days instead of 7. The memory capacity of the accelerometer did not allow assessment of PA by 15-s epoch for a length of 7 days. It was possible to use 15-s epochs when we limited the assessment period to 4 days. The use of a short epoch in children is important because children are known to perform short and intermitted actions [27] . Missing data of 3 days within the measurement week is a limitation. However, accelerometer data were obtained from Wednesdays until Saturdays, which are the most common days in the week in the Netherlands to participate in (team) sports during childhood.
Sport participation before diagnosis was questioned retrospectively. However, the time period at which they participated in sports was not specified. This led to unclear information. To increase validity of the data, we dichotomized sport participation before diagnosis (yes/no), however, thereby losing some valid information.
Finally, this study included children with any type of cancer, aged between 8-18 years, and children both during and within the first year after cancer treatment. Therefore, our study group was a heterogeneous one with potentially additional influencing factors. However, as a result of this heterogeneity, we now were able to say that children with any type of cancer had reduced CRF and PA levels.
In conclusion, the present study shows that CRF is low in children during and shortly after cancer treatment and that this low fitness is associated with reduced PA levels and increased SB across all cancer and treatment types. It revealed that older, more fatigued children who were during cancer treatment were the least active. Increased SB, in addition, was significantly associated with older age, more fatigue, and having a higher percentage of fat mass. This indicates that especially the fatigued, overweight, or obese adolescents with cancer, and those who are during cancer treatment, need to be informed about the health risks of a prolonged sedentary lifestyle and be advised on how to increase their PA level. In the QLIM RCT, we will assess the causal relation between CRF, PA, SB, fatigue, age, and treatment-related factors in children with cancer, to develop an optimal exercise intervention for this population, in order to increase PA and CRF to ultimately decrease chronic diseases and impaired HrQoL later in life.
